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Development of Anthropomorphic Robotic Joint
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Abstract

In this paper, we present a new two-dof anthropomorphic joint mechanism that enables to mimic the
humanlike motion. The proposed mechanism, called Double Active Universal Joint(DAUJ), generates a
two-dof swivel motion without rolling by the coupled motion of two independent motor. In addition,
we perform basic experiments to confirm the effectiveness of the proposed mechanism and the results

are reported.
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Fig. 2 Swiveling of index finger without rolling

=
1.

Helole @& o7t Aok Fig 19 &7HEE
BH3L 9435 Ho BH2E 455 A 73 A
Bl nAAA Fx FH1L IHAA &7H=
o] YBT YL TEE do B2 o B #H

1€ 180% FHARE A 7182 A WA 3
a9 Zo|wdg FAHOZ roll:F3HA Hol &
ol HR8A @k W Fig 29 Zo] At
&9 A £5¢ 231 e FHCAN EEs
o FFo] AFLE L T FF 2REHFE O
27 F4 EFol JE HE wetE F YA d

o Qe E7hEe rlleEE A ¥oM Fig.
1 ge WAYEeR Aned FIF +4Y
& sy AsAE Ho® Al Y SUd B
do Basl Bk o9 g £F4e B3
Q7 o] &9 AEI WRHe s)5ol WH



A =XBHY AL 91

Next link

ey
Inner Universal Joint // Upper half sphere

Lower half sphere
L~

Lower half sphere gear
l Previous link

Fig. 3 Mechanism of DAUJ

Inner Universal Joint

Gearheads & Motors

Fig. 4 Kinematic diagram

A el HE AAMA 2 Soly WS F
28 golth rollgES JAGoRA HHA 3
A Ebe vl BAlSt 428 & Qlom fube
BoHel RiY &EL e 2hom Alg
T 4 3l Aold,

lo

3. HAHE 7=

Mg 55 fFuHAd #HE Fig 39A9 &
o] ML o|F1 gl F e wet F shd
12 A glth Fig 45 A

& wdel Aasg 7198 oty ¥l
AT 6= A Bds BEd4E 9
maty, = @A Ateld A=, Ly A 2
Ag gulsttt. ], J.E % HuWA =

Z,

Small cone

Fig. 5 Workspace of Double Active
Universal Joint

% B AL F@olhol dAA] FEF AA:
g gobFEw, WiF FuUMd B4 ], J©
d IR FYE ddste 9%E 3 o
Ao fusid #4S Bl 9 A" FA4
Tdstrt. AGE AAYFTAAN sEHOR T
THe #de 91 3 Jod A4 M,
M2& BEdez slu g #d J,= ¢u
F 71&03 dEE A n ey 98 Uy
A #d 7,10 et FHe] AgE g
6,3 6,9 ZHell w2t ddider FId ¢
A Mg vt Zol AtskE olF ¥F U
A BEAE rollEEo] Aghd 22fx #doy
TEEHS Y AFE EFFH WS FAR
Fig. 55 °]F % FUHA #de $F59H]
th & S Fig. 49 #3 L,EYY HFeoH ¢
TE 7€ 22 due yug vk 9wy
o} FH4d & LAHE FFIdoln o
Wl 5ol ¥ HA EEAGE ZFO 2¢
zZtog e & 4%l ddolr}

o r::

4. 7|75

Agtsls  olF:FEFuHABEY  vpEte
Fig. 49| 7122 71784 g wgoz 3
M d & gt oldf WY 3W #AE 5,9
R FUHHEAA J, & #HF Z(closed loop)E
T8t e, FdF W FHE RER



92 w4

Zs :
Xf/i{ —>Y, 65 Zo;

‘\\\:: T’Y’\Zz ¢
th’&\\\ yv2 92 ,_¢ }’0,1,3

\ N

‘E ¥,

Zy, 6, ’40,1,2,3
X, Yo,

Fig. 6 Kinematic parameters and frame

assignment

b, L= FAEe g £ Qo

4.1 7|l

2 dre JALES Agtets Hyz A
HEe 7195g sty s Uiy wide
7HR 83 98 FUNAERER o s

o

s diE A Hoblique joint)S #Ae AL
AH s €L shu, Fig 40r e} o] gubE
718zl fW kel oly Wz pAEL.
Fig. 65 W15 Wasde) g4 9 sy s
BolFan gtk a¥dd e JERNESE)
2aE ZFAeln 5& Lol 23 HFEAo
o ool g, & R WA EEAAM g WR #
ysdad I, .8 AA F oA e o 7
davh dF 2N Zelld ZEe] R dA W
AP A (o] WwHer FE & gov A
Abgl gEe A ()9

8T(6y, 65, 0,)=T(6,)37T(6,)37(6,) (1)

2
C1CC3 ™ €€ 8183 7 C3C 4818y —
C3C35; + clcgcgm + €1C3C459 — €4518983 + cls3sﬁ

gT(ﬁl, 02, 63) =

-URE - H¥Y

Fig. 7 Coordinate frame assignment for the

outer universal joint

olm), ¢,2cos(d,), s,2sin(4,), - °Ith

S HI 7 FRAAM Pt ZelM 52
o ¥EAYLe ohe Wk o¥Fusdude
ol g3t T oz T F gt o] W
PP UM 7 AFPP] AHFEE A gatA
g, Actes ddy g AL AE FAet
e U F8¢ FEoE AgET Fig 7& A
Hde % AL AFEs dRFUvHY
Holm o} oM 4zt g y2 3 A
28 EuEgE nddld 73 weg Pz 4
3 2ol got yol T FHZ dgdy,

ST 7) = {T(R)ET(NTG,— n/2)
cg SsSy €8 0
R I 3
=S5 €55, sy D
0 0 1
olw (3,—a/2)9) dulE yE2L FHOF — /2
g HAse Wy PPe grgch

2
C1C S35 — 81835¢

CyS38g ™ CoCyS384— C3828¢
0

—C3 czcisl = C1C983— C1C3C 489+ € 4518983 — 633133, — €815+ €518 T €155y 0

2
010203C;‘" C3C4S182 ™ €28153 — C1C¢S983 + 0163835
63C2C¢S¢+ 898354

C3C 484~

C1CySe— C1CC4S4+ 818284 O
2 2 2
Cyt €8 0

1



Ay =E@A A 93

Fig. 491X ZollM 52e Aggde F 7}
A o HEgddz g 88 + Aok A dA=
A (elz o #HHe 4 @3)olt} o] F 7R
HE PP Ao A @) 2ol 5ddA &
T 3t

gT(elsazr 63) = gT(B: 7) (4)

g Bz A el ARA 6,9 $HYL
4 @e 4% 219 PPN AN g, g,
o g4 TE + AL

N B P R
W = cyenV cgt(c5— c)sy

2 2
We = —cis3s4(csy+ cicysy)

W

(3 c¢+ s B+ ¢ 53)

lel Wi+ cisWh
c3Wh

—Si3
g, = Arccos(

I513l ) (5)

olwl, cp&cos(f;+ 6;),  spp2sin(8; + 6,)°lTh.

2YER AGsE olF TF FUHA #de
A 2ARE(R ) T Y 4,3 4,8 9
FoAEZ Aojste] & wa Ao e 2 A
= #dE FEY

42 ZHEA Heh

#d Az"o WE qdst= Wy Fo o
HHog zF AlgslE FPYoE z.v-X 2o
2]Zko] 9t} o] BEYE zF Wgtow uE
A, Y& g3 puE ﬁlb, XFo disf y=
fxwﬂi 3 Asted wog T Aorsie=
re I R IR S IV A'S R
e E]lsklon Agtsle #de & w3
Mol glemz 2 (6)F o] oF 00= 39 U}
Ebd 4 )}

3T zvx = TAO)THUB)Tx(7)
Cp Sgs, ¢85 0

e, <5, 0| ®
—Sp Sy cpe, 0
0 0 0 1

4= 4 (69 23 4 ) F4Ee g9 ¥
T ey, 4 3)2 gREFUBH BHe Tz
g siMoln 2] 6y AA BHY LYE gyt
Y BEY T 298 oz Jed Aolth
HEA A B)@6) BAGM A (g Le 5
At

STzvx = 37(6,,6,,65) (7

Atdte #BH9 z.v-X 2d8 Zto U &

17 A (DY g8 A8 229 23EE 1,1
3 13)9 9" Aoz Eo) d £ glo
dl= 4 (8).9)% Zt

B = Arctar12(c332$¢— C¢838¢+ CoCyS3S4, 3
2 2
C1CaC3— C3C¢S818y — C9CyS1S3 — C1CyS283 — SIS3S¢)
7y = Arctan2(— ¢ ¢S4t €105C454— 515584, (9)
2 2
C1C2C3C s ™ C3C¢S8189 — C28183— €y C 48953 + 01C3S¢)

BAe A7 AN W7 A I
AN 71 oz g 2 7 #Ezn
O103% EAH Ah

6,91 A71FEE 4 MY AE 339 LA
A A (10E T £ o

2
0y = i’Arccos(—c—ﬁs%cj—) (10
4

od, 8= ¥ &9 F R A2 21y &
gomz oln A% ASHE goz 1 HE A
EERE IS

6,9 A717ske 4 (1)

= A ang &
21,38 AN 2

HE
o,

1T(6,) 7" ST zyx = §T(6,)3T(65) (11)

e A (12)9 Zoh

—_ lsgl CruSis
4, 55 Arccos( 2t E (12)

y 2£2g+ SZZ— s%s@ )

AR

Sy



94 FHE -

8.9 E71Fske 4 (139 &4 317 32904
8 e,

3T(8,) 7 0T(8) T ATy = 3T(6,) (13)
I 3E A (149 2.

- _CQSQ‘—C@EISQ
8, Arctan2( 5 (14)

CpCoSyt C1Cx8s ~ SIS1589
Sg

’

43 &L

4 2% e B8E 29 A @9 @A
A2 AF =140l st 4, 6y, 65, 0, b,
o g5el ez 4 (5)sh Po] FAE ] Ao

by= (15)
2 — Cq C13C¢+ 35182+ 61C35,52$3
Vi = cicpes— €1645283
— 2 2
Vz = - 51(6‘36(,552"' C28¢53+S3S¢)
— 2 2
V3 = CICZC3C¢“C281$3“C¢52$13+ C1C384

2 33 AEA AP AEEY B $E4
& 4 (16)% 2ok

f+1wi+l___ i+1R iwi + €i+l i+1 2[+1 (16)

oldl, (¥ BHFA oM AH jo &%
=& vebdh Fig 3914 W #He] ofy) wh
T g ZEEe A (17), 18y Zeol R
h

lw, = R, +6,'2, (17)

ca s 0170 0 0
1w1= -8 € 0 0|+ 0 = 0 (18)
0 0 1JL0 g1 4,

qEnde o nF gy Asm: 4
(19).20)% el Fech

HAE - HYY

2w2= ?lel +€.2222 (19)

Co  CySy 8489 0 0
sz = [ — 8y CyCy —0284 Q + 0
S¢ Cy 51 02
— 8452 6.1
= | —¢ys,6, (20)
C¢91+ (92

Ha Lol g ZE=s 4 Q,22)% 2ol
Tz

314)3= gRZZUZ +93323 2D

€3 siCs Ss¢|| TS#S201] 10
3?,4.)3:: — 83 C3Cs C384 —Czs¢61 + 0
—S4 Cy C¢61+ 62 63
_ 2 _ — 3 9
C45354 — C3CySaSy — CaCyS384 — C3525y S35y 0] [ 64
= C3C¢S¢"‘C2C3C¢,S¢+ CiSZS3S¢+$283S:; C3S¢ 0 02
Cz¢+ czsi Cy 14 03
(22)

ol g3 Ll Hd Lo ZA&EE A
(23), 4%+ Zo] T3}

‘wy= IR *w; (23)
Oy =
0 —35185 —CyS1S4F Co0y8184 T €158, él
0 c155 —cr1cg8st €168~ 515254 | Gy
1 ¢y (14— 52)/2+¢s58 65
(24)

4.4 Xp3u|otnt £0|35)
22 ABANMY BALEE AnAuA9) AR
A7l RFRREE A (2)elM 4 (D) dL 5 Uk

Swy = 3K6) 8 (25)
O]u’}] Bz[él,éz, 93]T,
O =

2 3
CyS3S4 ™ C3C4S28y— CaCyS3Sy— C38254 354 0
€3C454— CoCaCS 4+ C5508354 T 55535 €34 0

s cy 1

oltt.



AY =8B/ AL 95

Singular location ~ Non-singular Singular location
(6,=0) location (0,=n)
Fig. 8 Schematic diagram of singular

configurations

#H 9 Eolaje giste] &xstA dE AH
2 3(6)9 #E2(determinant)®] Fto] 0%l
A& Eol #E & ot AletEE @wEdy g
42 4 (26)7 #rh

det| SO = — cos’psind, (26)

A 26)°M #Ee Eoldle sind,=0%
S, Folajrt 2AHE AAE Fig 84
gt ol F 79 Fel diF QHEe HJuHH H
ol A= kg AH(6,=0)% F HuAe]
ghd 2 3H( 6, = meltt.

5. At & ¥

Fig. 9& Zlstuld wj# W% FP& o|F2 R
o zFuAYUFoIH £ dAFelA Agate olF
fFusd g ALSRTS? Wiy 3
€ olBERE wuure Hug E dy
73, 73, ¢ % ABE FYs= A2
2 2P 9T ol 2AHY A" E
FAE gk weEbd B ATdA AtaE
U Aol e ANE BHL2 g #&3
A HE&E F AUrh Fig. 105 AAsE olF %
T frudd B4 EaZvts 71AH ZAdA o
g dsted A T FYFA FAE F
Zhete] it @ 2R #EY AFFRoth

Agrehs #de) A s e AT HAstd
PIDA)71 & AHEE Aol AYE FHAL
M 2 A= Fig 1134 2t AaelA 3l
T = AT Fol A FAHA BAHE ek

Fig. 9 Application of inpipe inspection robot with
DAUJ

Front Segment

Inmer Universal Joint 6id Half Sphere

T Outer Universat Joint

Lowes Sphere Gear

Rear Segment

Fig. 10 Detailed mechanism of DAUJ in
inpipe inspection robot

FAE 9 ste] #de) 7|3E Y Asg HFE
& & 9l

Fig. 12& 2R&9] &7t 430 3849 o) F
TF fruvd @Eoly & oM At wl
st o] kT {ARG PR} F L RYF
MY Fig 135 2REe ARFExRo|W T
TEE A%t 2709 2E Y &g B 75 e
A% ® e RERE FAHO gtk 2R &
7t ZEL F9Ek 3 Qlo] 24759 23
Ag 7FAW  Fig. 14949} o] EAle mA}
ZAA e &rtge d9e HEd 24 "o
oJAL AZte] &R )¢ FAE HEjoly
EAY A Qo] wE FEEA AHEE 5
t}.



96 FAR - 93E - A¥Y

o

i

4
4
q

8
1
[
i
{
i
{
|
i
i
l
i
i
1
!
1
1

»
S
—

5

L
5

pitch, 3 (degree)

&
8

IS A
8 g
=2
i
s
L_, — e

-50 -40 -30 -20 20 a0 40 50

;z:w, Y :degre‘en)
(b)
Fig. 11 Tracking of rectangular trajec- tories;
(a) 3D trajectory (b) yaw and pitch
angles

Double Active
Universal Joint

Fig. 12 Anthropomorphic finger module make
use of DAUJ

(b)

(©)

Fig. 14 Finger movement using double active

universal joint



ALY 2RBH My 97

6. &€ &

Agd ARY 23 A gd 4y ST
8y Mg 3tz wid FYZRFH ZREY F
7hA 2Rl Hgat o1 AEAR e g AF
33t olTTE FUNABEL V&9 &59
Aoyt F29 715& FYste @A ulo 2
e HAd FAo B Hel AAsH
T3 FARE & B Hdo] gl &5 & FE
ge e 54& Fu ok =@ Hzy 7z
7b Zrdstel Rulek &tF v EAv & FAE
AR e Z12A fysAddde AHAx
o] FFIF EAV dlovd dEe #H &
TG99 ¥ oldY +FFIE AT Qe
B, HAde] Foly EAlE wIAUF HAA
Solde mEst Sol4 39 Aolg +EY
87 Sioh Ate HAUSY FHe H4d S

de &8 Toke HE uAsida AZEHw o
o #dd8 A7Vt BAsETIE HYict

i

p

o3

Z 7

¥ owEe A7uUna e dn4w)
AFAE Y A Qo Feuoln Aoz oo B

A% A2 EA BAEPY
Hnes

(1) Bejczy, A., 1975, "Distribution of Control
Decisions in Remote Manipulation," Proc. of IEEE
Conf. on Decision and Control, pp. 81~91.

(2) Stackhouse, T., 1979, "A New Concept in
Robot Wrist Flexibility," Proc. of the Ninth Int.
Symp. on Industrial Robots, pp. 589~599.

(3) Hirose, S., 1993, Biologically Inspired Robot,
Oxford Science Publication.

(4) Tkeda, H., and Takanashi, N., 1985, "Joint
Assembly Moveable Like a Human Arm," United
States Patent Number 4,683,406.

(5) Paljug, E., Ohm, T., and Hayati, S., 1995, "The
JPL Serpentine Robot: a 12DOF System for
Inspection," Proc. of IEEE Int. Conf on Robotics
and Automation, pp. 3143 ~3148.

(6) Asano, K., Obama, M., Arimura, Y., Kondo,
M., and Hitomi, Y. 1983, "Multijoint Inspection
Robot," [EEE Trans. on Industrial Electronics,
VolLIE-30, No. 3, pp. 277~281.

(7) Nilsson, M., 1998, "Free Climbing Snake
Robot," IEEE Control Systems, Vol. 18, No. 1,
pp. 21~26.

(8) Jacobsen S8.C., Wood J. E., Knuttt D. F., and
Biggers K. B., 1984, "The UTAH/M.LT Dextrous
Hand: Work in Progress,” Int. J. of Robotics
Research, Vol. 3, No. 4, pp. 21~50.

9 HEE, 45, 94F, 249, $42, A4
A, AAS, 2000, "AtujAd shxuwj@d WA
€ ZEA2Y g @AY FEI R, Al 17
A A2F, pp. 121~129.

(10) 745, A¥H, 1999, b2 WEHALE
THERE AL A=, #2338 A
123, pp. 2216~2225.

(11) Sungmoo Ryew, Sangmoo Lee and Hyoukryeol
Choi, 1999, "Design of Anthropomorphic Joint
Mechanism," The 3rd International Workshop on
Advanced Mechatronics, pp. 197~201.

(12) Choi H. R. and Ryew S. M., 2000,
"Anthropomorphic Joint Mechanism with Two
Degrees of Freedom," Proc. of IEEE Int. Conf on
Robotics and Automation, Vol. 3, pp. 1525~1530.



